Stocks cultures were kept at -80 ºC in MRS broth (Pronadisa, Spain) [12] 1 supplemented with 10% glycerol. For inoculum preparation, the LAB strains were 2 subcultured in MRS broth overnight at 30 ºC in a 5% CO 2 atmosphere. These fresh cultures 3 were used to inoculate the tubes at 0.1% (v/v). The initial population of LAB present on each 4 experimental run was 1 x 10 6 CFU per ml for both strains. Glucose, 20 g; Tween 80, 1ml; MgS0 4 .7 H 2 O, 0.2 g; MnSO 4 .4H 2 O, 0.05 g. The ammonium 13 citrate (2 g/l) used in the original media was changed by ammonium acetate (2 g/l) since citric 14 acid was used to adjust the pH. To carry on the experimental design the medium was 15 supplemented with different concentrations of tyrosine and pyridoxal-5-phosphate (PLP), as 16 cofactor for the decarboxylation reaction [14] . To deal with the solubility difficulties of 17 tyrosine we added the corresponding amount of tyrosine di-sodium salt (Sigma, USA), with a 18 solubility of 50 g/l. In order to improve the buffer effect and to neutralize the acid produced, 19 we added Na 2 HPO 4 to achieve an ionic strength of 100mM. The media was adjusted to the 20 corresponding pH with a solution of 100 mM citric acid. And finally, the different media were 21 distributed in tubes and autoclaved. After autoclaving, the media pH was checked and its 22 variation was lower than 0.2 pH units. All the experiments were performed under non-shaken 23 aerobic and anaerobic conditions in parallel. The anaerobic conditions were achieved by 24 overlaying the tube with paraffin prior autoclave. randomised run order. By using this design, the five factors were tested at 3 different physical 10 levels: incubation temperature (22, 27, and 32 ºC), environmental pH (4.4, 6, and 7.6), added 11 tyrosine concentration (0, 1, and 2 g/l), PLP supplementation (0, 200, and 400 M), and 12 incubation time (1, 4, and 7 days). The coded levels of the factors are -1, 0, and 1.
13
The response variables were the following: optical density (OD) at 600 nm and 14 tyramine concentration (mg/l), by the two LAB strains, for aerobic or anaerobic conditions. 15 Table 1 shows the experimental matrix design, with the experimental levels of the 
18
The full quadratic polynomial model proposed for each response variable (Y i ) was: with a significant positive effect (p<0.05), and the interactions pH*incubation time (pH*Tim), 8 and incubation temperature*time (Tem*Tim), with a significant negative effect (p<0.05), 9 have the strongest influence in Y 2 . Therefore, effects concerning growth of Lactobacillus 10 brevis CECT 4669 in aerobic and anaerobic conditions are similar, although in anaerobic 11 condition the interaction pH*Tim exerts a significant negative influence.
12
As showed in Fig. 1 The same medium on which the optical density has been determined was used for the 16 determination of tyramine produced by L. brevis CECT 4669 and E. faecium BIFI-58. Table 1   17 reports the measured responses on tyramine production in aerobic and anaerobic conditions, 18 obtained for all experiments corresponding to the matrix design.
19
MLR was applied to estimate the parameters of the proposed model to the four 20 response variables related to tyramine production (Y 5 to Y 8 in Table 1 ). significantly tyramine production by E. faecium in anaerobic conditions (Fig. 2) . 8 The mathematical model was re-fitted in order to exclude the terms not significantly 9 different from zero (p>0.10), and the estimated regression coefficients for each of the four 10 responses related to tyramine production are also listed in Table 2 . From these results, the 11 following conclusions can be drawn: all estimated models were found to adequately describe acceptable to describe the data and to know the optimal conditions for tyramine production.
16 Table 3 shows the predicted values, using the fitted models, for the four responses related to 17 tyramine production at the optimum conditions, provided by the statistical program. As can be In LAB the environmental control seems to play an important role in tyramine 7 production. Several factors (the incubation temperature, the pH and the growth medium 
12
There are many environmental factors that can affect the tyramine formation by LAB. values for tyramine production under anaerobic atmosphere for both LAB strains analyzed, L.
23
brevis and E. faecalis (Table 3) . protect the bacteria against the acidic medium. Similarly in our study, predicted maximal 6 tyramine production will be achieved at the most acidic pH (4.4) tested (Table 3 ).
7
Since low pH and anaerobiosis are unavoidable during the fermentation of salted and 8 fermented products, other factors should be considered to prevent tyramine formation in these 9 products. It was previously shown by Joosten (1988) that tyramine formation in cheese was 10 dependent on tyrosine [9] . However, supplementation with tyrosine as the precursor of tested conditions was found to be mainly dependent on the extent of growth of E. faecalis.
24
They concluded that the main biological feature influencing tyramine formation was the 25 extent of microbial growth [4] . Nevertheless, optimal cell growth does not always result in 1 high tyramine production levels. The model proposed in this work predicted maximal extent 2 of growth and tyramine production in anaerobic conditions for both strains; however, factors 3 that affect tyramine production are different to those affecting growth (Figures 1 and 2 ). Our . Taken into account all these results, growth seems to be an 7 essential but insufficient condition for tyramine production and we could conclude that the 8 extent of growth is not the main biological feature influencing tyramine formation. 9 The physicochemical factors analyzed affected tyramine production by different LAB 
